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This invention relates to hydrogenolysis proc- 
esses and more particularly fo the catalytic hy- 
drogenol.ysis of certain classes of oxygenated 
compounds. 
If is known that hydrogenolysis occurs readily 
when oxygen-containing compounds having a 
carbinol or oxo group labilized by an activating 
group within the molecule are heated with hy- 
drogen at elevated temperatures under pressure 
in the presence of a hydrogenation catalyst such 
as nickel. For example, Adlns on Page 69 in his 
book on "Reactions of Hydrogen," The University 
of Wisconsin Press, Madison, Wisconsin (1937), 
points out that benzyl alcohol is converted almost 
quantitatively to toluene by heating over nickel 
at 100 ° fo 125 ° C. and that ethyl benzoate yields 
toluene at 250 ° C. over a copper-chromium oxide 
catalyst (page 101). Acetophenone over nickel 
at 175 ° C. yields ethylbenzene (page 71). At- 
tempts to effect a similar hydrogenolysis on com- 
pounds containing either carbinol or oxo groups 
in non-labilized condition have either been un- 
successful or else have given indifferent yields of 
the desired hydrocarbon. 
It Is an object of this invention to provide a 
method for the hydrogenolysis of selected classes 
of oxygenated compounds free from aromatic 
unsaturation. A further object is to provide a 
method for the catalytic hydrogenolysis of 
cycloaliphatic alcohols, aldehydes and ketones  
compounds having the saine carbon skeleton as 
the starting material. A Still further object is 
to provide a method for the catalytic hydro- 
genolysls of cycloaliphatic alcohols, aldehydes 
and ketones containing the hydroxyl or oxo 
grouping in a non-labilized condition and obtain- 
lng therefrom high yields of hydrocarbons having 
the saine carbon skeleton as the starting ma- 
terial. Other objects wfll appear hereinafter. 
These objects are accomplished by the follow- 
ing invention of a catalytic hydrogenolysis proc- 
ess which comprises passing over a platinum 
catalyst at a temperature above 140 ° C., hydrogen 
and in the vapor phase a. member selected from 
the group of. oxygenated compounds free from 
aromatic unsaturation consisting of cycloali- 
phatic alcohols, aldehydes and ketones and ob- 
taining a compound therefrom having the same 
carbon skeleton as the oxygenated compound 
passed over said platinum catalyst. It has now 
been discovered that the hydrogenolysis of 
cycloaliphatic alcohols, aldehydes and ketones 
containing the hydroxyl or oxo groupings in non- 
labtllzed condition can be smoothly carried out 
to give good yields of the desired hydrocarbons 
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by effecting the reaction in the vapor phase over 
a platinum catalyst at a temperature in excess 
of 140 ° C. More particularly it has been round 
that by reacting a cycloaliphatic alcohol, alde- 
5 hyde, or ketone in the vapor phase with hydrogen 
at a temperature in excess of 140 ° C. over a 
platinum catalyst at essentially atmospheric pres- 
sure there are obtained in high yields hydrocar- 
bons having the saine carbon skeleton as the 
10 parent materlals. 
In practice it has been found that the reaction 
is conveniently effected by passing a gaseous mix- 
ture of the cycloaliphatic alcohol, aldehyde, or 
ketone and hydrogen continuously at essentially 
15 atmospheric pressure over a platinum catalyst 
heated to between 140 ° C. and 350 ° C. As a rule, 
a mixture of the cycloaliphatic aldehyde, ketone 
or alcohol and hydrogen is passed into a chamber 
heated fo a temperature near that selected for 
20 effecting the reaction, and the heated gas mixture 
so obtained is then passed into a chamber con- 
taining the catalyst maintained at the selected 
reaction temperature, where the exothermic hy- 
drogenation occurs. The gas stream is cooled, 
25 the organic product ls separated and the unre- 
acted hydr0gen, if desired, re-cycled into the 
system. 
The examples which follow illustrate more par- 
ticularly the practice of this invention. 
A catalyst is prepared by dissolving a quantity 
of chloroplatinic acid eqnivalent fo 1.5 g, of plat- 
lnum in 150 ml. distilled water. Coconut char- 
35 coal of convenient lump size, e. g., 4-14 mesh, is 
purifled by heating in a stream of hydrogen at 
450 ° C. for approximately twenty hours, followed 
by heating at 100 ° C. in 10% nitric acid for six 
hours. The charcoal then is washed with dis- 
40 tilled water, dried at 100 ° C., and the last traces 
of nitric acid are removed by heating the char- 
coal for one hour at 450 ° C. in a stream of 
nitrogen. The chloroplatinic acid solution is 
poured over 150 ml. of the purified charcoal and 
45 the mixture is evaporated to dryness on a steam 
bath. An apparatus for vapor phase hydro- 
genolysis consists of a Pyrex U-tube, 22 mm. O, D., 
lmmersed to a depth of 10 inches in a bath of 
liquid boiling at the temperature chosen fÔr con- 
50 ducting the reaction. Hydrogen and the ketone, 
aldehyde, or alcohol are fed downward into one 
leg of the U-tube, which contains Pyrex helices 
or granular charcoal packing, The mixture of 
vapors then Passes upward through the other 
55 eg of the U-tube which contains 50 ml, of the 



platinum catalyst. The products are taken off 
above the catalyst thru a water-cooled condenser 
and collected in a receiver cooled with Dry Ice. 
Operating with cyclohexanone at .'bath.'tem 
peraturè'bf-260 ° C., a feëd rate«of i0.7. g. perhoïr, 
and 160 1./hr. of excess hydrogen, there is collect- 
ed over a period of six hours a mixture of hydrb- 
carbon and water. By distillation,, th e hydro- 
carbon layer is round to 
hexane, 12.2% benzene, and 7.3%hïïé bSilg 
material. 
Cyclohexanone is treatedith'hdroge 
C. using the catalyst and apparatus descrilïn 
Example I. Ata feed rate of:5-10 g. cyclohexn- 
one per hour and 160 l./bout excess hydr0en, 
there is obtained over a period of six hours a 
product consisting of a water layer ancl«air 
of organic liqui.ds. Distillation of the organic 
-mtérial yields i0.2. g. cYcl0hexane, a 
-Yesion, li.7:g: oyëlohex'anol,/and 3:0 g.:highbbil- 
'ing:màterial. 
- Operati0n at/têmpératuresbelow  140 ° C. aiis 
't:yïld cYbl0tixane; tle  Chef;pr0dUct:iola-ted 
at:thë lower:temperátïre is Cyclotiexarfol. 
Example III 
CyeIohexan01 is paSsed ver. the catalYst 
scribed in Example I ai 155 ° C a. feed rate=of 
7=10 g:per h0ur with 1601./hour excesshydro$n. 
The prodtfct obtained over 'a periód:"of" six and 
0nehalf hòurs Coffsists of wáter and:a layer: of 
ognic liquids...Distillation Of he:organicma 
terial yields 29. g. cyclohexane,: correspofiding:%o 
 72% converion, and: 2.2 g.:um'eacted cyclohex- 
.anol. 
Stlbstantially identical. esults. are :obtied 
:ïth:cYClohexanol ai higher: ëmperataresj :lut 
:no .daction occurs Ut :temperaturesbélow.l0«:C. 
ExámpIe lï/ 
TetrahFdro-2-oEuranpentanol is passed -over. the 
atalyst-deScribed in-Example:I at. a temperture 
..of260 ° C. using afeed rat of 7.5:g. per:bout and 
160 !./bout excess tiydrogen. The ,product:b- 
tained from rive hours operation is distilled;yield- 
 ing 76g. 2-amylgetrahydr0furan, corresponoEng 
to a 24% con¢ersion, 4 g: hydrocarbon, and-3.2 
g. high boiling material. The 2-amyltetrahydro- 
furan is a clear, colorlëss liquid: B. P. 150 ° 
' af atmospheric pressure; 
 Found: C, 75.77, ï-I; 12:86. 
Aithoughthe-examples havè'illustrated gpeiflc 
Conditions of Catalyst cocentration,: space vêloc- 
-itY, tëmperature, duration of regtion,-etc.;itiS 
.:to be-understo6d that these!maF bé vavied somë- 
-what sincè the c0ndïti0ns of each-:exPerimentm'e 
:deçermined by the particular compound b:eing 
eactêd, the .temperatm'e empl0yed; etc. 
'In general the: hydrogColysiS is effeted'-:at 
pressures wHich- r e eseitially?atmosphërc ad 
-cempeaturès which, range--from 10 C..- to 
C. Since gatisïact0ry rda-ction rates - ure 
.tained at tempeatms Of from 50 ° C. to -00 °. ., 
this range is regarded-as the m0st:usëfl. -IVdê- 
.sired» pressures wlich arê sliltly below or:.áb0e 
.. gtmospheric may be used. 
 The amount ofhydrogen êmploYed dépends 
,upon the- pgrticUlar ï compotmd., being -:trëàted. 
'.Thus, ri. the: ca.e 6f.he: alcohois oné: mole.0f 
:hdogên::pe cabin gJùp':ig eltfiredhCeas 
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in the case of the aldehFdes and ketones two 
moles of hFdrogen per oxo group are required. 
In actual practice, however, larger amounts are 
mployed%o :aid.'.in e vpztlonrof the alcohol, 
5 çkne. of'ale, tO-iflsr6lereaction, 
and also to aid in the removal of the exothermic 
' :heat of reaction. 
. In: praçtice,, i. is necessary to employ very 
:ffiient-eigea to recover the hy'o- 
ib :fi5iYs:.5_  aied over by the exess hy- 
ogen, and also to recircula the hydrogen 
" thrbugh:thë-rê6r;in order  ime complete 
r0çy:)Sf:%ëSe:wlues. In the laborary it is 
"dïc  tgiH=hese conditions and therefore 
1'5 i"îs':é'fier-od that the yiel given in e 
. =examPles:a're4owerthan the actual yields der 
the-cnditions used due fo loss of product  the 
effiuçt hyogen. 
:Ahy"sable platum cata!yst may be used in 
2o the practice of ts inention. us, there ay 
be së èllic",ltinflm or ay. Pits ,c6m - 
"p5nfidg:hbh' :the «oide;-çhl0idç' hhl6Hç, 
and 2hë.. e; éither.unsupportd Or 
such materials as charcoal, alumida,-ë 
mhca)  and.%he: like. - Durant operu.tm.plUtmum 
compounds,are reuc:ed-çometalhc'platm. - 
Sïtble 
"pëiting 
sCifit':t5prbvie 
-latinm 
A-:fi 
fU.:a ïeas 0]001.:-of«lhtiU:PC ' 'ram 
:5fcomp6d-beî pr6c@sed'e:h0ur. 
3ô flY .'irer 
pltinum 
 acbrig .rom :th tp0int. 
"6ffset th 
"phaxc-hydyocatbn;ad trie :He. - e'use Vf u 
 sblghts à.dds..t6-oEhe 
practical advantages 
ike. 
 sme eab6n këlêton' hs-ëèt 
-cclblphgtï6 ::klëhdê,:'ëtbe,':'8 -:l:ï 
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is fo be undersood that this invention is hot 
limited fo the speciflc embodiments thereof ex- 
cept as defined in the appended claims. 
We claim: 
1. A catalytic hydrogenolysis process which 
c0mprisis heafing a member selected ffom the 
group of. oxygenated compounds consisting of 
cycloalkanols, cycloalkanals and cycloalkanones 
to a temperature sufficient fo vaporize the saine, 
passing under essentially atmospheric pressure 
a gaseous mixture consisting of said vaporized 
oxygenated compound and added hydrogen con- 
tinuously over and in vapor phase contact with 
a p]atinum catalyst af a temperature between 
140 ° and 350  C., cooling the gaseous products, 
.and separating therefrom a cycloalkane having 
the same carbon skeleton as said oxygenated 
compound. 
2. A catalytic hydrogenolysis process as set 
forth in claim 1 in which said oxygenated com- 
pound is a cycloalkanol. 
3. A catalytic hydrogenolysis process as set 
forth in claim 1 in which said oxygenated com- 
pound is a cycloalkanone. 
4. A catalytic hydrogenolysis process as set 
forth in claim 1 in which satd oxyginated com- 
pound is a cycloalkanal. 
5. A catalYtic hydrogenolysis process which 
comprises heating cyclohexanone fo a tempera- 
ture sufficient fo vaporize the same, passing 
der essentially atmospheric pressure a gaseous 
mixture consisting of said vaporized cyclohex- 
anone and hydrogen continuously over and in 
vapor phase contact with a platinum catalyst 
ata temperature from 150 ° fo 300 ° C., cooling 
the gaseous products, and separating therefrom 
cyclohexane. 
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6. A catalytic hydrogenolyis process which 
comprises heating cyclohexanol te a tempera- 
ture sufficient fo vaporize the same, passing un- 
der essentially atmospheric pressure a gaseous 
5 mixture consisting of said vaporized cyclohex- 
anol and hydrogen continuously over and in 
vapor phase contact with a platinum catalyst 
ata temperature from 150 ° fo 300 ° C., cooling 
the gaseous products, and separating therefrom 
l0 cyclohexane. 

JOHN E. CASTLE. 
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